Background: The frequency of clinicoepidemiological variants of Kaposi's sarcoma (KS) differs markedly throughout the world. The iatrogenic variant is mainly associated with the use of immunosuppressive therapy. Aims: We aimed to investigate the distribution of KS variants in our practice and elucidate the underlying causes of iatrogenic KS. Methods: Consecutive KS patients seen in a single tertiary center were grouped according to the tumor variants and iatrogenic KS patients were evaluated about associated conditions. Results: Among 137 patients, classic variant was the most frequent presentation (n = 88), followed by iatrogenic (n = 37) variant. Among the iatrogenic group, ten were transplant recipients. In 16 iatrogenic KS patients, systemic corticosteroid was used, in four for myasthenia gravis (MG) and in three for rheumatoid arthritis. In three patients, KS developed under topical corticosteroid (TC) treatment. Among iatrogenic KS patients, ten of them had a second primary neoplasm and one had congenital immunodeficiency syndrome. Conclusions: Our study revealed one of the highest rates for iatrogenic KS (27%) reported in the literature. Besides well-known causes, relatively frequent association with MG was remarkable. Usage of different forms of TCs was the cause of KS in a few cases.
Introduction
Kaposi's sarcoma (KS) is a multicentric angioproliferative tumor of the mesenchymal origin. In addition to the HHV-8 infection, genetic, immunologic, and environmental factors are also usually required for the development of KS. [1] Four clinicoepidemiological variants of KS have been described: classic, African, AIDS-associated, and iatrogenic. [1, 2] The iatrogenic variant is typically associated with immunosuppressive therapy for organ transplants and other diseases. [2] The frequency of these variants changes markedly in many reports from different countries. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] We evaluated long-term data of our center about KS to investigate the distribution of the tumor variants focusing on the underlying causes of iatrogenic KS cases.
Materials and Methods
Consecutive KS patients seen between January 2007 and November 2017 were retrospectively investigated. In all patients, diagnosis was established due to skin and/or mucous membrane lesions and was confirmed histopathologically. The demographic features of the patients were recorded. All patients were tested for HIV serology. The patients were grouped according to the four major clinicoepidemiological variants of the tumor. Patients with iatrogenic KS were evaluated about underlying causes such as organ transplantation, other diseases associated with immunosuppression and causative immunosuppressive treatments including also the topical medications. The long-term follow-up data of patients in this group were also reviewed. This study has been approved by our Institutional Review Board (approval number: 2017/207). the iatrogenic group. All patients in the epidemic group and the single African patient were male.
All but 1 iatrogenic KS patients had skin lesions [ Figures 2 and 3 ], 1 of them had only mucosal involvement and 11 of them had biopsy-proven extracutaneous involvement. The clinical features and follow-up data of iatrogenic KS patients are summarized in Tables 1-3. In the group of patients with iatrogenic KS, 10 were transplant recipients (eight of them with renal and two with liver transplantation) [ Table 1 , Figure 2f ]. In one of these patients, renal transplantation was performed following diagnosis of KS, which seemed to be related to systemic corticosteroid (SC) and azathioprine treatment for IgA nephropathy. KS showed complete regression with cessation of immunosuppressive therapy. However, the lesions relapsed after transplantation although sirolimus was used from the beginning. All of the other transplant recipients had used cyclosporine or mycophenolate mofetil therapy before development of KS [ Table 1 ].
Ten patients in iatrogenic KS group had a variety of neoplasia: two mycosis fungoides (MF), one myelodysplastic syndrome, one Hodgkin lymphoma, one peripheral T-cell lymphoma, two systemic follicular lymphomas, two thymomas, and one bladder adenocarcinoma [ Table 2 ].
In 16 iatrogenic KS patients, SC was the possible triggering factor; in three of them combined usage with azathioprine and in others with cyclosporine, mycophenolate mofetil, leflunomide, and methotrexate were observed. In four of these patients, SC was used for myasthenia gravis (MG) (two of them had also thymoma), in three for rheumatoid arthritis, in others for dermatomyositis, pemphigus vulgaris (PV), systemic vasculitis, Crohn's disease, IgA nephropathy, nephrotic syndrome, sarcoidosis, and idiopathic thrombocytopenic purpura. A patient with adrenal insufficiency using physiologic corticosteroid dose for a long period was also evaluated as having iatrogenic KS [ Table 3 ].
In three patients, KS developed under long-term topical corticosteroid (TC) therapy [Tables 2 and 3 ]. Two of these cases (one with MF and one with psoriasis) had used corticosteroid ointments, and the other one had been treated with TC eyedrops, which resulted in unilesional conjunctival KS development.
The single patient diagnosed in childhood had some other findings of an immunodeficiency syndrome such as disseminated verruca [ Figure 2b ] and progressive course of KS resulting in bone involvement. [14, 15] There were 11 patients (8.03%) with association of HIV infection. In one of these patients, lesions of KS were aggravated after SC therapy for proteinuria. 
Discussion
This single-center study about 137 KS patients seen over an 11-year period provides useful information about percentages of KS variants in Turkey; remarkably, iatrogenic KS was the second common (27%) variant following classic KS. There is no common distribution pattern of KS subtypes in studies reported from different regions of the world [ Table 4 ]. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In the great majority of case series, classic KS is the most common variant, as in our series. [3] [4] [5] [6] [8] [9] [10] 12, 13] From large KS series conducted with more than 100 patients, the previous highest rate of iatrogenic KS was reported from Israel (13.6%). [3] In two smaller series of 20 and 28 non-AIDS-related KS patients from Germany and Turkey, the frequency of iatrogenic KS was 25% [6] and 32.2%, [4] respectively. The results of our series with >100 patients (27% in general and 29.4% in non-AIDS-related patients) represent the highest rate of iatrogenic KS. Our clinic is a tertiary care center in Istanbul where many hematology, oncology, and transplant unit consultations are performed which may be a cause of this high rate.
The predisposition to iatrogenic KS among transplant recipients varies between populations. [16, 17] Furthermore, iatrogenic KS is seen relatively frequently among renal transplant recipients of Jewish or Mediterranean origin, including Turkey. [17] [18] [19] A lower incidence of KS observed among transplant recipients in the United States was attributed to the much lower HHV-8 prevalence in the United States compared to other countries. [16] However, it is still uncertain whether iatrogenic KS is due to the reactivation of HHV-8 or to primary infection. [16, 20] In our series, organ transplantation was the cause of iatrogenic KS in ten patients (in one of them only the cause of KS's relapse); eight of them were renal and the other two were liver transplant recipients.
Glucocorticoids have been associated with the development of KS and also rapid growth or dissemination of the disease. [21] [22] [23] Studies suggest that corticosteroids induce KS by indirectly inhibiting transforming growth factor-beta, a protein that inhibits the growth of endothelial cells. [21] KS was reported in patients receiving corticosteroids for a large spectrum of indications, [2] In a recently published large series of 143 iatrogenic KS patients, rheumatoid arthritis (12.7%) was the most common cause of this KS type in nonorgan transplant recipients, followed by polymyalgia rheumatica (10%) and MG (8.2%). [24] Remarkably in our series, 4 of the 16 iatrogenic KS patients with SC usage had MG [ Figure 2c -e], 2 of them associated with thymoma. The potential correlation between KS and MG has been suggested previously. [25] The high percentage of MG patients in our series supports an additional possible etiologic factor for KS in this neurologic disease. In the above-mentioned large series, 5.5% of nonorgan transplant patients with KS had bullous pemphigoid. [24] There are also rare KS cases reported in pemphigus patients. [26, 27] However, a study comparing the frequency of skin tumors in PV patients with renal transplant recipients did not show an increased risk for KS in PV group. [28] Similarly, in our clinic, >200 patients with pemphigus and bullous pemphigoid were treated with SC in the last 10 years (unpublished data) and KS was observed only in one PV patient. In one of our iatrogenic KS patients, KS occurred following SC treatment used for sarcoidosis. Concomitant KS and sarcoidosis have been described previously, but the studies aiming to clarify the relationship between HHV-8 infection and sarcoidosis have failed to demonstrate a link between them. [29] [30] [31] The co-occurrence of iatrogenic KS with idiopathic thrombocytopenic purpura receiving SC treatment was limited to only a few cases reported previously with no risk factor other than corticosteroid-induced immunosuppression, as in one of our iatrogenic KS patients. [32] Although SC usage is one of the major causes of iatrogenic KS, there are only three KS cases reported after intraarticular and/or epidural injections of corticosteroids, [23, 33, 34] and a few cases related to topical use of corticosteroids. [35] [36] [37] In two reports about KS development in PV patients, the role of TC (ointment/intralesional) was emphasized. [26, 27] The authors suggested that although both patients were receiving immunosuppressive treatment including SC, local application of corticosteroid might have caused additional decrease in immunity leading to KS development. [26, 27] In another report, recurrence of KS on the tongue was reported after TC usage for erosive oral lichen planus and the lesion regressed after withdrawal of local therapy. [37] On the other hand, in three cases, we suspected TC as the probable cause of KS. One of them had used corticosteroid eyedrops for a very long period due to pseudophakic bullous keratopathy resulting in unilesional conjunctival KS development [ Figure 4 ]. Iatrogenic KS due to eyedrop usage containing corticosteroid was not formerly reported. Another case had stage 1B MF which was treated only with PUVA and TC before development of unilesional KS [ Figure 2a ] in close proximity to the treated MF lesions. Finally, the third case who had not received any other topical or systemic treatment than potent TC for generalized psoriasis developed multilesional KS on the legs only. Interestingly in a large series from Turkey, two cases (2.7%) of KS showed association with psoriasis vulgaris, but usage of TC was not stated in these patients. [38] Although there is insufficient data regarding the relationship between TC usage and skin cancer (melanoma and nonmelanoma), [39] cases of KS related with TC usage reported in the literature along with our cases might be significant. [23, 26, 27, [33] [34] [35] [36] [37] .
The association of KS with other primary malignancies (15%-37%), especially of the hematolymphoid system (6%-27%) has been well-known. [40] [41] [42] The second primary malignancy may precede, coincide with or follow the occurrence of KS. [3, [40] [41] [42] In our series, a second primary neoplasm was noted in ten patients in iatrogenic KS group, of which seven were hematolymphoid system disorders. All tumors were diagnosed before KS diagnosis. Unlike for nodal lymphomas, the relationship of cutaneous lymphoma and KS is not well understood. [43] However, in a literature review of 65 cases investigating the association of KS and other types of neoplasia, six patients (9%) had MF. [41] In our study period, nearly 500 MF patients were followed in our department (unpublished data), and interestingly, we diagnosed KS in two patients. Patients in the early stages of MF are not under risk of immunosuppression, [44] therefore the co-occurrence of these tumors in two patients seems to be noteworthy.
The relationship of inborn immunodeficiency and KS is not well understood. One of our patients was diagnosed with KS in early childhood. She was also reported elsewhere as "classic KS born to consanguineous kindreds" and in another report "OX40 deficiency" was detected in this patient. [14, 15] However, the tumor was persistent and resulted in bone involvement by the time when the patient reached age 23. Furthermore, KS occurring in childhood with primary immunodeficiency conditions has only been reported in a few cases. [45, 46] Although exceedingly rare, classic KS may be seen in otherwise healthy children. [47] The term iatrogenic KS theoretically covers only "KS cases associated with therapy-induced immunosuppression" and its course is generally accepted to be more severe than classic type. However, the term "immunosuppression-associated KS" has also been used for this type, [48, 49] but it has not been well described whether it also includes all immunosuppression associated conditions such as congenital immunodeficiency syndromes and acquired diseases such as lymphoproliferative disorders independent of their therapy. We classified our child patient with congenital immunodeficiency showing aggressive course as iatrogenic-or immunosuppression-associated KS. The classification of KS cases associated with hematolymphoid malignancies, in which KS occurs before therapy may also be a matter of debate. On the other hand, in two of our cases triggered by TC usage, KS presented as a solitary lesion. The term "iatrogenic" is convenient within to the etiology in these latter cases, but the mild course was different from SC-induced cases. Therefore, iatrogenic KS seems to have a wider spectrum than previously recognized.
Iatrogenic KS can present a therapeutic dilemma.
Restoring immune competency by reducing or withdrawing immunosuppression may induce spontaneous remission of KS and represents the first-line management option in this variant. [2, 50] However, reducing immunosuppression may sometimes not be possible or may result organ rejection in transplant recipients or organ damage in patients with autoimmune disorders. [2, 50] Some cases do not improve after reduction or withdrawal of immunosuppression, and consequently, require systemic treatment. In transplant recipients, use of sirolimus may lead to resolution of KS. [51, 52] Since mTOR inhibitors are primarily cytostatic, their clinical efficacy is probably more a reflection of disease stabilization rather than regression. [52] In three of our transplant patients switching from immunosuppressive therapy to sirolimus resulted in long-term regression of lesions, even though in one of them KS relapsed after 10 years of remission period. On the other hand, in one of the patients in whom KS was diagnosed before transplantation, using sirolimus immediately following transplantation was not effective, but lesions partially regressed after complete cessation of immunosuppressive therapy and renal rejection. Moreover, in three MG patients, the lesions could not be controlled by steroid tapering and even despite chemotherapy in one.
The main limitations of the study were the retrospective design and the fact that it was conducted in a single center, which may have affected the distribution of the subtypes of the disease.
Conclusions
We observed iatrogenic variant of KS more commonly than reported in large series in the literature. KS may occur in the course of several diseases treated with SC as our study also shows and MG was a relatively common underlying disease of SC-induced lesions. Although being not very common, two skin malignancies, MF and KS may develop in the same patient. Usage of different forms of TC should be questioned in KS patients.
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